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B AHCCepTSUHH oooomeHbl peaynbTSTbl 8KCnepHM0HTanbHOro HCcnenoBaHHll CBOi!CTB 
I 

MIOOHHbIX aTOMOB H MoneKyn B raaoo6pa3HOM BOAOp6ne H nel!TepHH, npoBenenHoro HS CHHX- . 

ponHKJIOTpoHe JlaoopaTop!H gnepHhIX npooneM 061,enHnennoro HHCTHTyTa ll nepHhIX nccr.eno

BaHHi! B 1858-1864 rr. 

/1-8/ 
MaTepHan AHCC8pTanHH OCHOBSH Ha paooTax . , onyonBKOBSHHbIX B )K3T<I> e, 

Nuovo Cimento, Nuclear Phy.sics I npenpHHTaX OH.HM H B Tpynax Me>K.!lynaponnol! Komj,epennm1 

no !pll3HKe Bb!COKHX aneprHl! B )KeneBe ( 1862 r.). PeaynbT8TbI oonee n03AHHX paooT. AOK

naAbIBanllCb HS M8lKAYH8POAHbIX KOHq>epeHHHllX B nyone (1864 r.), IlapHlK8 (1864 r.) II 

/8-11/ 
0Kcq>opne (1865 r.) H onyonHKOB8Hbl B Tpynax STHX KOHq>epeanHl! • 

3KCH8pllM8HTbl ObtnH npOB8A8Hbl SBTOpOM COBM0CTHO C C.r. Bacummae, B.Il, nJKene

noBhIM, IO.B. KaTblm8BbtM, E.A. KymaHpeHKo, B.H. MocKaneBbIM, K,O. OraHecstHoM, 

B.B. <l>Hnb'l8HKOBbIM, M. <l>pHMHOM, 

HHTepec K aKcnepHM8HTanbHOMY B TeopeTH'l0CKOMY H3Y'l0HHIO CBOi!CTB 

Bonopona CBSl38H C H8CKOHbKHMH npH'IHHSMH. 

µ -STOMOB 

1. B cnny ManhtX paaMepoB H aneKTpoHei!Tpan&HOCTll µ -aTOM Bonopona llBHll8TCSI 

CBoeo6pa3HbIM KBSHTOBO-M8XSHH'l0CKHM 001>8KTOM, CBOi!CTBa KOToporo cymecTBeHHO OTHH-

'18.IOTCSI OT CBOi!CTB OObl'IHbIX STOMOB, _TaK, C8'18HHll paCC8llHHll µ -STOMOB llBIISIIOTCa 

npoM0lKyTO'IHblMH M8lKAY 8TOMHbIMH H llA8pHbIMH C8'18HHSIMH; µ -MoneKynhI Bonopona 

MoryT BM8Tb TOHbKO ll8CKOnbKO CBSl38HHbIX ypoBneil; nOSIBHll8TCSI B03MOlKHOCTb H3Y'l0HHSI 

peaonaHCfb!X YPOBH8l!j CB0800P83!Ibl M0X8Hll3Mbl oopaaoBaHmt µ -MoneKyn; BBHAY Ma-

nol! CKOPOCTH µ -STOMOB B PllA0 CIIY'IS0>. HM80TCll CllllbHSll CnHHOB8ll 38BHCHMOCTb B38-

HMonei!cTBHll, H C Y'ISCTll8M µ -8.TOMOB npOT0K80T _PllA neoopaTll~blX npon9ccoB. 

2. B 1857 r. A1tbBapeneM C COTPYAHHKSMII Obin oonapylKeH KSTSIIH3 OTPHll8T8HbHblMH 

/12/ 
MIOOHSMH llA0pHblX peaKnuil CHHT83a uao'ronoB BOAopona • BoaMOlKHOCTb TSKoro nponec-

ca Obtna ~pencKaaana panee <I>. <l>paHKOM H H838BHCHMO OT Hero A.n. CaxapOBbIM H 

· /13/ 
.H.B. 3en&HOBH'l0M • HecMoTpll•Ha TO, '!TO cpaay nocne onbITOB An&Bapena cTano no-
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R.IITRO, 'ITO µ -lt8T8llll'.3 Re MOlK8T HallTB TeJtHHqecxoro npHM8H8HB.II B KaqecTB8 BCToqHB-

Ka aaeprBB, T8M Re MeHee, BayqeHHe STOro HBJieHBH npencTaBJIHeT aecoMH8HHhlll DHTepec 

nnH MIOOHHOII B .11nepaol! ¢B3DKD BBH/lY cnenn¢aqnocTB ycnonnl! npoTeKaHH.11 H/lepHhlX peaK

~L 

3. MccnenonanBe pana µ -aTOMHblX nponeccon 15nB3KO npDMbIKaeT K aayqeHDro' cna-

15oro .B38HMO,llel!cTBHH MIOOH8 C HYKnOHSMH. BepOHTHOCTb OCHOBHoro nponecca cna15oro Baa

DMO,llel!cTBDH C ayKn0RSMH - 38XB_aTa MIOOHS npoT0H0M - CD/lbH0 aaBHCDT OT PH.Ila npenmeJ:T-

BYIOIIlBX eMy CTanBII - µ -aTOMHbIX H µ -MoneKynapHbtX nponeccon, TaKHe ¢ynnaMeH-

TanbHhle (no noKa eme TO/lbK0 nnaaapy8MbI8)_ onbIThl no npoBepKe KBSHTOBOII aneKTpO,llHHa-

MHKH, ltSlt H3Mepenae neM0OBCKoro C,llBHra, anepran cnepXT0HKOI! CTpyxTypbl B µ -aro-

M8 BO,ll0p0Jl8, H8B03MOlKRhl 083 neTanbHOro 3H8HD!I B38HM0,ll811CTBIII! 

mecTBOM. 

µ -aTOM0B ·c ne-

K aaqany aamnx nccnenonaanl! ( 1959 r.) Teopm1 µ -aToMHhlX nponeccon B nono-
/14/ 

pone 0binS pa3BBT8 /lOB0/lbH0 nonao , lfTo lK8 KacaeTCH axcnepaMeHTOB, TO OHR 0TH0CD-

nacb ronhK0 K cpanHnTe/lbao yaxoMy xpyry BonpocoB, a nMeaao, x aa15nroneanro · anepHhlX 

peaKnul! CHHTe3a H3 COCTOHHHH pdµ -MoneKynbl. 

B cnnaa c axTyanbaocTbIO npo15neM Ha cnHxponnxnoTpoae OMHH 15Mn Bhlnonaea nnKn 

nccnenonaRHII, CT8BHBIIIHX CB0811 U8/lbl0: 

1. HayqeHDe nponeccoB paccen1rnn pµ - a dµ -aT0MOB B B0/l0pone, 

2. HaMepeRne K0HCTSHThl peaxnBH nepexona MIO0Ha OT pµ -aTOMa K nel!TpoHaM. 

3. Ilonyqeane cBeneRnll o c:c:opocTHX ol5paaoBaRnH MIDOHHhlX MoneKyn PPµ, pdµ, ddµ ,.. 

4. HccnenoBaRae OTHOCHT8IlbHhlX BhlX0/l0B H,llepHhlX peaKnal!, Bhl3blBaeMbIX MIDOHaMn B 

nel!Tepaa. 

5, MaMepenae cxopoCTel! n nccnenoBaaae MexaanaMa nepexona MIO0Ha oT µ -aTo

M0B BOll0pona K npyrBM anpaM. 

II 

B rnaBe nnccepTSllHB naeTCH KpaTKSH xapaKTepHCTHKa nponeccoB, B KOTOphlX 

yqaCTByeT OTpnnaTenbHbtll MIOOH nocne ero aaMenneanH B BOllOpone; paccMaTpnBaIOTCH 

oco15eaaocTH pacqeTa µ -MoneKynSipHhlX CHCT8M D npHB8,ll8Hbl peay/lbTaThl axcnepnMeH-

TOB, HM8BIIIH8CH K Haqany Hall!HX pal5oT. 3necb TaKlKe BBeneRhl OCHOBHhl8 ol5oaaaqeanH, 

ncnonb3yeMhl8 B nanbael!meM B TeKCTe. CxeMa ocaoBHhlX nponeccoB npnneneaa aa pnc, I. 

8 rnaBe II onnchlBaeTC.11 M8T0llHKa nccnenoBSHHII H SKcnepnMeHTSnbHa.11 annaparypa. 

3KcnepHMeHTbl np0D3B0llHilHCb C noMOlllblO nn¢¢yaHOHHOII KaM8phl, noMemelmol! B Mar 

HHTHoe none n pal5oTaBmel! B aHTepnane naBneaal! nonopona nna nel!TepaH 5 + 23 aTM • . 
lfacTb onbtTOB, a HM8HH0, D3M8peane al5con10THOII CKOpOCTH nepexona MIDOHa OT B0/lOpona 

K 51,llpaM npyrnx aneMeHTOB, Bbtnonaeaa MeT0,ll8MD anexTpOHBKD Ha ycTaHOBKe, COCTOHll!ell 
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D3 raaoBoll MD!Ileaa D CDCTeMhl CllDHTHnnmtHOHHblX cqeTqHK0B. 

Jln¢¢yanoaaaa xaMepa B MarHDTHOM none, npenaaaaaqeaaan MH pal5oThl c nerKHMH ra

aaMB ( H 2 , n
2 

a He ) . npn nannean.11x no 25 ST!'{ 15Mna CKOHCTpyBponaaa · n noCTpoeaa B 

1955-1957 rr.' 
1
' Paaee Ha STOii KaMepe 15Mn Bbtnonaen naKn pal5oT no nccnenoBaHBIO npo

neccon pacceHHHSI tr - -MeaoaoB aa nonopone n rennn, a TaioKe no nayqeanro pe.llKHX pacna-

AOB 1T -Me30HOB 

B AHccepTannn onncaHhl ocaoBHhle xoacTpYKTHBHbte ocol5eaaocTH KaMephl. KaMepa, c 

nnaMeTpoM paooqel! o15nacTn 380 MM, 15Mna noMemeaa B nocTonaaoe MaranTHoe none aanpn

lKeaaocTbIO 0KOno 7 KSpCTe,ll. Jln.11 CHHlK8HDH nnoTH0CTH napoB crinpTa oaa pal5oTana B pelKH

Me cpaBHHT8/lbH0 HH3KOII TeMnepaTyphl cnilpTOBoro lKeno15a c- T = o0c), h np~ STOM cpen

llHII rpanneaT TeMnepaTyphl B qyBCTBHTenbaol! o15nacTn 15bm paneH 5 .;. 6° C/cM. B aaBncn

MocTn OT Bbtl5pallHbIX ycnonnl! aanonaeHBH BbICOTa qyBCTBBTenbHOro cnoH C0CTaBnHn_a 

40..-60 MM, B KaqeCTBe H<:napHIOlll8~CH lKB/lKOCTD HCH0nba0Banc.11 nn15o M'eTHilOBbtll, nn15o aop

MSnbHbIII nponnnoBhIII cnnpT. B nocnenaeM cnyqae na-aa HH3Koro naBneHHH Hacb1111eHaoro na

pa B paooqel! o15nacTn TeMnepaTyp (-70°c.;o0c) nnoTHOCTb aToMoB yrnepona n Kncnopona 

15Mna npnMepao B 5 pas HHlKe, qeM npn ncnonb3oBaann MeTnnonoro cnnpTa (cooTBeTcTByro

mne KoHileHTpannn B nonopone npn' naBneann 23 aTM cocTannnnn npnMepao 10-3 n 2.10-4). 

B qacTH 0Hb!T0B KaMepa pal5oTana C HH3KHM AaBneaneM Bonopona, COCTaBnHBIIIHM 

5 aTM, Ilpn 8T0M AnH AOCTHlK8HHH nyqmnx ycnoBnll OKa3bIBa8TCH npe'nnoqT:<TenbHbIM npnMe

aeane 15onee THlKenoro cnnpTa. 

B onh1Tax ncnonb3oBancs 11el!Tepnll, cnennanbHO oqn111aB111nllcH OT TpHTHH, IlpnMecb 
-14 

TpHTH.11 COCTaBnnna T / Jl ~ 5. 10 • Y1taaaHHaH npnMeCb TPHTHH npHB0,llHT K aaMeTH0MY 

KanenbH0MY ¢cay, ocol5eaHo npn 15onbmnx AaBneHnni 11el!Tepnn. BBnny Manora paaMepa Ka

nenb (0,1,.-1 MM), ol5paayeMhlX aneKTpoaaMn pacnana,n. paaMhITHH STHX Kanenb na-aa 11n¢

¢yaBn, STOT ¢oa npaKTnqecKH ae 0hlil BalKeH /lnH nneHTH¢HKSllHH H ol5pal5oTKH CO0blTHII, raa 

col5BpancH B HCXO/lHbl8 15annOHhl C noMOIIlblO /lBYXCTyneaqaToro _MeMl5paHHOro K0Mnpect:opa. 

KaMepa SKcnoHnpoBanacb B nyqKe ,r- - H µ M830H0B C naqanbHbIM HMnynbCOM 

260 Man/ c. TopMOlK8HHe MIDOHOB H nornomeane nHOHOB ocymecTBnHn0Cb MeAHhIM ¢nnbTpOM, 

IlnoTHOCTb ocTaHoBox MIO0HOB B nonopoAe. c naBneHReM 23 a TM cocTaBnnna onHy ocTaH0BKY 

aa 4,5 '1tanpa npn 15 nHJtnax ycxopeHHH HS . ¢QTorpa¢Bpy8Mblll HMnynbC, IlpnMeCb nnoHHblX 

0CT8H0BOK cocTaBJrana 3% - 4%, H ¢oa npOXOllHIIIHX qepea KaMepy qacTHit 0bm 7+ 10 qacTHit 

aa KaAp, 

015pa6oTK8 CTepeo¢ororpa¢ml nponaBonnnaCb KOOpABHSTHbIM H penpoeKitHOHHhlM 

MeTOll8MH; Oc_!IOBHbl8 npoBeneHHhle aKcnoaBitHH KaMepbl M0lKII0 paanenBTb Ha qeTbipe rnaB

Hbte cepnn. CepBH H BKnroqaeT axcn03HltBH K8M8pbl C BOAOPO.ll0M H 8CT8CTB8HHOI! npHM8CblO · 

AellTepBH. CepHSI onhITOB HJl Bblll0IlH8H8 C B0/l0POAOM B cpaBHBT8IlbHO HH3KHMH KOHiteHTpa

nHHMH gel!TepHSI, B cepnn Jl xaMepa pa15oTana C nO'ITH qffCTblM 11el!TepneM. H, HaKOHeit, B 
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HZ - cep1111 11cno.rn.aoaancH aonopon C npHM8Cb10 z -aToMoB yrnepona II K11cnopona 2%. 

Bo BCeM IIHKne onblT0B no 11ayqe111110 µ -aTOMHblX nponeccoa, npoBOllllBWBXCII B Te

qea11e aecKon&KHX neT, oblno nonyqe110 oKono ·500000 cTepeo¢0Torpa¢11ll. 

B xoane II rnaabl on11caaa ycTaHoaxa, 11cnonb3oaaama11c11 nna onpenenea11a a6con10T

Hb1X CKOpocTell nepexona MIOOHa OT M830BOll0pona K npyr11M sneM8HTaM. YcTaHOBKa BKn10qa

eT TOHKOCT8HHYIO raaoay10 MHmeHb II nsa Tenecxona 113 CilllHTHnnan110HHblX cqeTqHKOB: OllllH 

nna MOHIITOpllpOBaHHH nyqKa II npyroll - nna per11cTpan1111 sneKTpOHOB pacnana OT MIOOHOB, 

OCTaHaBnHBaBWIIXCH B paooqeM raae. OcHOBHbIMII sneM8HTaMH sneKTpOHIIKII srnm110TCH 0bICT- . 

pb18 CX8Mbl COBnaneHHll, nor11qecx11e C)l:8Mbl •aopoT' II 6noKllpOBOK nm1 BbIAeneHHSI aKTa 

µ ➔ e -pacnana. 

B rnaae III on11c&1aa10TCH 11ccnenoaaH1111 nponeccoa c yqacT11eM pµ -aTOMOB, Oc-

HOBHoe BHBMaH11e yneneHo 11ayqeH1110 nponecca paccel!HHH pµ -aTOM0B Ha npoToHax: 

pµ + p ➔ pµ + p • ( 1) 

MeTOll 113Mep8HIIH ceqeHHll pacceHHllll ~bin OCHOBaH Ha ll3MepeHIIII n11¢¢ya110HHoll nn11-

Hbl pµ -aTOMa, n11~y3Hll O0paaylOWIIXCll B raae µ •-aTOMOB npHBOllllT .K TOMy1 qTo B 

qacTH cnyqaeB µ ➔ e -pacnanoB Haqano cnena snexTpOHa pacnana cMemeHo oTHOCHTen&HO 

ToqK11 ocTaHoax11 M100Ha. nonyqeHH&1e pacnpeneneH11a cnyqaea no nn11He 'npooera• pµ -

aTOMQB B onhITaX. cep1111 H llp11B8ll8Hbl Ha p11c. 2. 

no BblXOllY aaean C BllllllMbIMII nyqaMH OT. 3aXBaTa MIOOHa 11npaM11 C II O 119Mepeao 

TaKme Bp8Mll mH3HII pµ -aTOMa. IlpoBelleH aHan113 nonyqeHHblX naHHblX npll H8CKOnbKIIX 

npennonomeH1111x o pacnpeneneH1111 µ -aTOMOB no cnHHOBbIM COCTOHHllllM, 

nanee npHBO)lllTCll on11caHH8 onbITa no 113MepeH1110 CKOpOCTII O0M8HHOi! peaxnHH 

pµ + d ➔ dµ + p + 135 SB, (2) 

B KOTOPOM aonopon paaoaBnHnCll nellTepHeM B KOHU8HTpan1111 ell /ClI s 0,5%. 

HneaT11¢11xan1111 peaKn1111 (2) ocymecTan11eTcH cpaBHHTen&ao nerxo BBHAY Toro, qro 

06paay10m11llcH dµ -aToM yxon11T OT roqx11 ~Boero 06paaoBaH11H Ha 3Haq11Ten&Hoe paccro-

llHHe ( '-· 10 MM),. 

rnaaa IV noca11meHa 11ayqeHH10 KHHeTIIKII B3aHMO)lelicTBIIII dµ -aTOMOB C oonopo-

lIOM, nei!Tep11eM II cnomHbIMII 11npaM11·. HaMepeHHe ceqeHHli pacceHHHII dµ -STOMOB, TaK 

me xax II nn11 

oeroB dµ 

pµ -aToMoB, o&mo ocHOBaHO Ha aHan11ae pacnpeneneHHli no nmi:HaM npo

aTOMoa, nonyqeHHbIX B cepHII onbITOB ( Hn), B KOT0pbIX BapbllpOBanHCb KOH-

neHTpallllll nellTep1111 B aonopo11e II xoHneHTpan1111 C-11 O-aToMoB. Ilp11Mepbl pacnpe11aneH11i! 

npnaeneHbl na p11c. 3. 

6 

nna onpeneneHHH ceqea11ll ynpyroro pacce11HH11 dµ -aToMoB obln paaa11T cnocoo, 

OCHOBaHHblll Ha ,cpaBH8HIIII sxcnepHM8HTan&HO HallneHHblX pacnpeneneH11ll no npooeraM C pac-
• 2 

cq11TaHHblM11 MeTono~ MoHTe-Kapno nocpencTBOM X -aHan11aa. 

B rnaBe V OllllCblBalOTCH 11ccnenoBaHHH KaTanH3a OTp11naTen&HbIMII MIOOHaMH llll8pHblX 

peaxn111t B raaooopaaioM aonopone., B&m11 HaMepeHbl BblXOllbl cneny10m11x peaKI!Hll 

. 3 
dµ + p ➔ pdµ ➔ He + µ , (4) 

dµ + d. ➔ ddµ ➔ t + p + µ -, (5) 

3 -dµ + d ➔ ddµ ➔ !le + n + µ , (6) 

a Taxme oneH8Hbl BepoHTHOCTH •np11nunaHHH' MIO0Ha K DpOTOHy, HnpaM TpHTHH II ren1111-3 B 

peaKI!HllX (5,6). Hne11T11¢11xan11H peaxn1111 (4) npo11ason11nac& no 11aMepeH1110 HMnyn&ca MIOO-. 

Ha KOHBepc1111 (p11c. 4),. a peaKIIHll (5) ii: (6) - no 11aMepeH1110 npooeroa aapHmeHHhIX• qac

THII, Han11q1110 sneKTpoHa pacnana B Toqxe aaa11MonellcTBHH II yrny paaneTa qacTHII (p11c.5, 

6). nonyqeHHbie naHHbl8 IIHTepnpeT11py10TCH C TOqKH apeHHSI M8XHHll3Ma, a TaKme cKopoc-

Tell oopaaoBaHHH µ -MoneKyn II HA8pHb1X peaKn11i!. 

rnaaa VI nocaameHa 11ccnenoaaH1110 nponecca nepexona M100Ha OT aonopona Kan

paM npyr11x sneMeHroB: 

pµ + Z ➔ Zµ + p , (7) 

dµ + Z ➔ Zµ + d • (8) 

3nec& o6o6meHbl na1111ble_, nonyqeHH&Ie Ha n11¢¢ya110HHOli KaMepe: no onpe11enem110 Bbl

xona Menne:rn&IX snexTpoHOB Ome ( c s11epr11ei! HecKon&Ko Ksa) B nponeccax nepexo11a ( 7) 

II ( 8). no 113MepeHHIO BblXOAa 3B83.!l H MHomeCTB8HHOCTII nyqei! B aaea11e, a TaKme no on

peneneHHIO cooTHomeimH cxopocTell peaxn1111 (7) 11 (8). nanee np11sonaTCH peayn&TaTbI 11a

Mepem1ll a6con10THbIX _CKOpOCT8H nepexona MIOOHa K KHcnopony, aproHy II KC8HOHY, nony

qeHHbl8 C noMOWblO sneKTpOHHOH MeT0IIIIKII. O6cymnaeTCll MeXaHH3M nepexona. 

III 

Peayn&TaTbI II BblBOAbl 

1. nm1 113yqeHHSI µ -aTOMHbIX ( .H HeKOTOpbIX nHOHHbIX) nponeCCOB C03AaHa AH¢-

¢yaHOHHaH KaMepa B&tcoxoro naanen1111 B MarHHTHOM none c pa5oq11M n11aMeTpoM 380 MM. 

HallneHbI pe)KIIMbI paoOTbI KaMepbl B ycnoBHllX Hll3KOll nnoTHOCTH napoB cn11pTa II npll H113-

KIIX nasneHHIIX oonopona. B onbITaX C MIOOHaMH Hcnonb30Banc11 nellTep11ll, oq11meHHb1ll OT 
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TpHTHD AO KOHll8HTp8UHH 5.10 -. B UHKne pa6oT no HCCn8AOBSHHJO C noMOIIlblO AH<W>Y3HOH-

HOii KaMepbl µ -aToMHb!X nponeccoB 6Lmo nonyqeao H 06pa6_0Ta110 OKono 500000 cTepeo-

¢0Torpa¢11II. nnH HCCneAOBSBHH pHAS /l -aTOMBLIX BBneBKII MeTOASMH sneKTpOBKKH C03A8-

HS ycTaHOBKa C ra30BOII MHII18Bbl0 H CHCT8MOII CllHBT1111nBllHOBBblX C'leT'IHKOB. 

2. BnepBb18 aa6n10nanOCb HBnea2e AH¢¢y3HH aellTpSnbBLIX I' -STOMOB BOAOpoAa 11 23-

MepeBLI pacnpeneneBHH no npo6eraM pµ -STOMOB npH p83Bb!X ASBneBHHX BOAOpona. Ha oc-

BOBe STHX pacnpeneneaHII aallneHo, 'ITO Ce'leHHe pacceHHHH Pl' -STOMOB HS npoTOuax B 

) -19 2 
AHcW>Y3HOBBOM np116nHJKeHHH pSBBO (1,21+0,17 .10 CM • a C y'leTOM B8'18nbHOII saeprHH 

=rn 2 
pµ -STOMS ~ 1 SB - (1,73~,19).10 CM• 

ITpoBenes aaanH3 pe3ynbT8TOB HS OCBOBe H3BeCTBLIX T80peTH'leCKHX Bblp8lK8BHII AM 

ceqeBHII pacceHHHH B pa3nH'IHblX cnHHOBblX COCTOHBHHX Ill .;. aToMa. Hallneao, 'ITO aau6o-

nee BepOHTHblM 3H8'1eHHeM CKOpOCTH nepexona H3 TpHnneTBOro COCTOHBIIH B CHBrneTBOe HB-

10 -1 x/ 
nHeTCH BenH'IHBa ~ 10 C8K I a ceqeaue ynpyroro pacceHBHH Pl' -STOMOB, HSXOAH-

IIIHXCH B HHlKHeM COCTOHBHH CBepXTOHKOII CTpyKTYPb!,- HS npoTOBax paBHO 

-19 2 
u O = ( 1,67~,30).10 CM • 3KcnepHM8BT81lbHble A8BHbl8 no pacc8HHHIO Pl' -STOMOB HS 

npOTOB8X DOATBepJKASIOT B811H'IH8 B CHCTeMe Pl' p BHPTy811bBOro ypoBHH C Manoi! aaeprHell 
1141 

CBH3H, HS cymecTBOBSBHe K?Toporo BnepBble 6bl110 YK838HO 3enbAOBH'l8M H fepmTellBOM. 

3. B cepHH ODblTOB, B KOTOpb!X MeHllnacb KOJllleHTP81lHll nellTepHll B BOAopone, a TSK

lKe KOHlleHTp811Hll aTOMOB yrnepona H KHCIIOpona, H3MepeHbl pacnpeneneHHH no npo6eraM 

dµ -aTOMOB, o6paayJOIIIHXCll B nponecce H30TODHOro o6MeHa. ITonyqeHHbl8 B811H'IHHbl yn-

pyroro paCC8llBHll dµ -STOMOB p8BHbl: 

u 
dµ+d 

U· 
dµ+,, 

" dµ+z 

) -19 2 
(4,15 ! 0,29 .10 CM j 

( +0,8) 10-21 2 
0,8 -0,4 • CM i 

) -18 2 
., ( 1,2 ! 0,5 .10 CM • 

/14,15/ 
HallneHHble BenH'IHHbl HSXOAHTCH B cornaCHH C TeopHell • B '18CTHOCTH, ManaH Bena-

'IHHa ceqeHHH pacceHHHH dµ -aTOMOB Ha npOTOHSX YK83LtB8eT HS H8AH'IH8 ~¢eKT8 PaM-

3ayspa-TayHceHAa B /l -6TOMHLIX CTOAKHOBeHHHX. 

4. BnepBL1e 11aMepeaa a6con10THa>1 CKopocT& nepexona M100Ha oT BOAopona K nellTep1110, 

A ) 10 -1 A 
e = ( 1,2 ! 0,3 .10 ceK • Ha 113MepeHHOil B8All'IHHLI e H 113BeCTHOro H3 ABHBblX B 

lKHAKOM BOAOPOAe OTHOIIIeHH>I 

Monexyn, 

Ae/'), o+Appµ BallAena CKOpOCTb o6p830B8HHH 

• 6 -1 
Appµ .. (1,5 + 0,6).10 cex • 

ppµ -

-XI 
Bee CKOpOCTll Heynpyrux npoueccoB np11BeAeHbl K nnoTHOCTII BOAOPOA8 IIAH nei!TepuH 

N = 4,28 CM3 (nnoTHOCTb lKHAKOro BOAopona). 

8 

5. B ODL!TSX C paanH'IHOfi nnoTHOCTblO nellTepHH H3Mepeu Bb!XOA peaKllHII 

dµ + d ➔ t + p + ,,- CpenHHII BLIXOA STOii peaK111111, np11BeAeBHblfi K nnoTHOCT:ll AellTep11H 

-2 
23 8TM, COCTaBm1eT (2,4 ! 0,4).10 • BnepBLte aaperHcTpHpOB8H8 HAepBaH peaKUHH CHHTe3a 

d µ + d .. He3+ n + ,.- • HaMepeHo 0Tuomeu11e ABYX ocuoBHblX KauanoB peaK111111 c11uTeaa 

nayx nellTpOBOB: 

Y (ddµ-+ He 3 +n+µJ 
He 

y (ddµ-+t+p
0

+µ-} 
p 

1,20+ 0,37 

ITony'leHbl oneHKII B8pOHTHOCTell nocaAKH MIOOH8 B d + d -peaK11l!HX Ha HApa ren11>1-3, TpH-

TH>I, BOAOpona. C 90% -Holl AOCTOBepHOCTLIO HBilAeHo, 'ITO 

YH• (dd} 
• W ( He µ } = I' < 0, 13 ; 

Y (dd) 
He 

W(tµ) = _ 
ytu (dd) _,__ ___ < 0, 14 ; 

YP(dd) 

W (pµ} = _ \u (dd) -~--- < 0,13 • 
YP (dd) 

BnepBLie H3Mepeaa CKOpOCTb o6pa30BSHHH ddµ -MoneKyn: 

Addµ 
6 -1 

(0,79 + 0,11).10 ceK • 

Hai!A8HBOe 3HB'leHHe CKOpOCTH o6pB30B8HHH ddµ -MoneKyn DO'ITII B 20 paa npeBb!IIIaeT 

TeopeTH'l8CKOe 3HB'l8HHe, Bbl'lllCneHHoe B npe.nnonoJKeHHH OObl'IHOro Mexa~H3,M8 o6pa30B8HllH 

I' -MoneKyn nyTeM sneKTpH'leCKOro AHDOAbHOro nepeXOAa, a BbIXOA peaKllHH 

dµ+d .. _t+p+µ- npnMePHO B 10 pas npeBbIIIl88T Bb!XOA, OlKIIASeMbiil Ha OCHOB8Hllll ASH• 

_ /18,17/ 
HbIX, rrony'leHHblX B JKHAKOM Ae11TepHH , • 

BoaMOJKHOil rrpH'IIIHOi!, 06ycnaB;IIB810l!leil _OOAbIIIOii Ha6nJOA8eMbiil Bb!XOA peaKUl!il cn11>1-

HIIH ABYX nefiTpOHOB B ycnOBIIHX HSIIIIIX Ollb!TOB, HBAHeTCH pe30H8HCH8>1 38BIICHMOCTb ceqe-

HHfi o6pa30B8HH>I ddµ -MoneKyn H anepaoil peaKu1111 aa neTy oT. aaepr1111 dµ -aTOMa 

( p11c. 7). TaKa>I 38BHCIIMOCTb B03HHKaeT ll3-'38 Hanll'IIIH y CIICT8Mbl ddµ -ypoBnei! c aaep-

rHefi, 6nH3KOil K Hynto, ll MOJK~T K8'18CTBeHHO OOblICHIITb paan11q11e B Bb!XO)lax peaKllllll CllH

T838 B raaoo6pa3HOM ll lKHJlKOM neilTepHH. 

KaK IIOK83bIB8eT aHan11a, TeopeTH'l8CKHil Bb!BO)l O TOM, 'ITO BepOHTHOCTb HA8pHbIX pe-
• · . .t•. . 

8KUHH B ddµ -MoneKyne 6nH3K8 K 1, ae rrpoTHBOpe'IHT BC8M HMetol!lllMCH B H8CTOHl!l88 

9 



BpeM!I 3KCIIepHMeHTam,HbIM pe3YIIbT8T8M • 

6. B OIIbITBX, npoB0!lHBlIIHXC!I B ra3006pa3HOM BO.ll0P0lle (23 8TM) C KOll!leHTpannel! 

.nellTepHH 6%, H3M8pell BbIXOll peaK!lHH 

dµ+p ➔ pdµ ➔ He 3+µ-. 

STOT BbIXO.ll, 3KCTpanonHpOBaHHbii! K KOll!lellTpanHH z -BTOMOB, paBHO!i Hymo, C0CTaBnReT 

yo (pd) 
/L 

-3 
(3,6 :!: 0,9).10 • Haii.ne1111aH C y"leT0M 3TOI'O BblXOAa CKop0CTb o6pa30BaHHSI 

pdµ -MoneKyn 

8 -1 
Apdµ -= ( 1,8 :!: 0,8).10 ceK , a CKOPOCTb HAepuoli peaKIIHB 

. 6 -1 
>. (pd) - (0,6 + 0,3).10 ceK • OTHOllleHHe H3M8p8HHOI'O H8MH BbIX0!la pea11:nnil K BbIXO.llY, 

F -

OlKHAaeMOMy H3 peayn&T8TOB 3KCII8pHM8HTOB B lKH.llKOM BO.llopoue, paBHO 0,37 :!: o, 12. STo 

pa3.IIH"l!,le, B03M0lKH0, CB!l38HO C yM8Hbll18HHeM ce"leHH!I o6pa30BBHH!I pdµ -MoneKyn B 

ra3oo6pa3HOM BO.tl0p0.ll8 H3-.38 a<j,q,eKTa II.IIOTHOCTH • .na1111ble H8CTO!III!8il pa60Tbl co,·nacyIOTCSI 
/18/ 

C yCTBHOBII8HllbIM B pa6oTe rpyIIIIbl ne11epM8H8 q>aKTOM1 "lTO CKOpOCTb ll.ll9pHOI! p88KIIHH 

>. F (pd) <A pdµ 

7. BrrepBbl8 rrony"l8Hbl K0.IIH"l8CTBeHHbie .ll8HHbl8 0 CKOp0CTH rrepexo11a MIOOHa C K -

op6HTJ,_I /L.-BTOMS oo.nopo.ns K R.llpaM 11pyrnx 3.II8M8HTOB H HCC.118.llOBSH M8XSIIH3M rrepe-

xo.t:ta. 

HaMepeHbI s6conIOTHb1e cKopoCT!I rrepexo11a OT P/L -aToMa K yrnepo11y, sprouy e 

KC8HOHy: 

ITony"leHHble a11s"leHH11 AP 
z 

p 

A 

AP 
A 

AP 
Xe 

) 10 -1 
(5,1 :!: 1,0 .10 C8K ; 

10 -1 
( 12,J :!: 1,8).10 C8K i 

10 -1 
(44,6 '! 3,5).10 C8K • 

xopowo snrrpoKC!IMHPYK>TC!I 3!lBHCllMOCTblO J{ = Z 
z (pnc. 8). 

Hsli11e110, 'ITO 0Tl!Oll1811H8 CKopocTeil rrepeico11s K yrnepo11y H KHC.IIOpO.llY OT P/L - H 

dµ 
d p 

-STOMOB pSBHO >. z / >. z • 2,0 :!: 0, 7 • 

BnepBbI8 B rrponeccax o6pS30BSIIR!I Z /l -aTOM0B Ha6n1011snocb II0!IB.II8HH8 Me)l.lI8HllbIX 

aneKTpoaoa OJKe (c aueprnell aecKon&Ko K3B). BhIXOll sneKTpouoB OJKe Ha 0llHH ai.:T o6pa-

aoaaHn11 B rrponecce rrepexona /L -aT0M0B yrnepona D KDCnopo11a C0CT/lB.II!l8T 0,83:!:_{},05. 

'lacTOTa II0!IB.II8HD!I R saepra11 OlKe- 3.II8KTpoH0B CBRJl8T8.IIbCTBy8T O T0:1.1, "lTO nepexon ocy-

m:ecTB.II!l8TC!I rrpeRMYlll8CTB8HHO HS BbIC0KHe /L -BTOMHbl8 ypoBHR 11.llpa C rnaBHblM KBSHT0• 

Bb!M "lRC.II0M n = z . IToKa3aHo, "lTO Bepo!ITHOCTb 683P8JlR81lROHHOI'O rrepexons MIOOHS OT 

P/L -BT0MOB H8IIOCp01lCTOOHHO B 0CHOBU08 COCTO!IHB8 

3%. 

C - B 
/L 

0 /L -BTOM0B MeHbll18 

ITony"leHHbl8 peaynbT&Tbl BMeCTe C q>aKTOM no1laB.1Iea.BS1 rrepexons K rens10, ycTSH0B

.118HHblM B Jlpyrsx pa6oTax, xopomo RHT8pIIp8TllPYIOTCSI HS 0CH0B8 M8X8llB3MS rrepece"leHHSI 
/19/ 

/L -uoneKynRpllblX TepM0B, IIp0ll.lI0JKeaaoro rep!UTeliHOM • 
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2 

PH=23amM. 

C'.r,=1/,JJ 
CIJ =D,447. 

4 6 8 10 12 14 16 

ldp(MM) 

PHc. 3. ITpHMepbl aKcnepHMeHTanbHbIX pacnpen,3neHHii cnY'IaeB no nnuaaM npo6eroa dµ -
8TOMOB B OilbIT.'.lX C BOAOPOAOM B Manoii KomteHTpanHeli neliTepm,. 
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N· d_µ+p-ji+He3 

l 
10 

5 

0, • • I I I I I I I I I I I I 

20 25 

PHc. 4. 

30 35 '10 '15 50 

p{Mao/c) 

l1MnynbCHblH cneKTp MIOOHOB KOHBepcm, B peaK(lHH 

dµ+p ➔ pdµ ➔ He 3 +µ-. 
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Puc. 6. PacnpeaeneHHR cnyqaeB no npo6eraM oaaony'IeBbIX 3Bea11 B onb1Tax c 11eifTepHeM 
npH /laBneHHH 7 aTM(a) H c BO/lOpO/lOM npH /laBneHHH 5 aTM (6). Ha pHc. (a) 
npHBe/leHa pa3HOCTb 'IHcna cnyqaeB B 3TIIX Ollb!Tax. IlHK B o6nacTH npo6eroB 
2,5 MM oTHOCHTCR K cnyqaRM peaKilHH dµ + d ➔ ddµ ➔ He3 + n + µ - , 
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3aBHCHMOCTb "ddfL(cyMMapHoro ceqeHml o6pa30B8HH!I ddµ -MoneKyn H ceqeHH!I 
gnepHoll peaKUHH Ha neTy )oT oTHOCHTenbHoll sHeprHH dµ --aToMa. CnnonrnaSI 
KpHBa!I - pacqeT IIO q>OpMyne EpeilTa-BHrHepa, nyHKTHpHa!I - 3aKOH ]/,,/E 
nopMHpoBaHHbill Ha TeopeTHqecKoe 3HaqeHHe A ddfL = 0,04. 106 ceK-1 '. 
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